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PURPOSE: To improve qualHy and lengthen life by stacking a semiconductor substrate 
body consisting of Si. a semicorKliictor layer consisting of single crystal InP. and a 
semiconductor layer for buffer, with the semiconductor layer for buffer between. 

CONSTITUTION: Si-CMOS 2 and a semiconductor laser 3 are integrated on an Si 
substrate 1 . At this time, a semiconductor laser 3 is made on the InP layer 8 on the first 
buffer layer 4 consisting of GaAs and the second buffer layer 5 consisting of InGaAs. The 
active layer 9 of this semiconductor laser 3 consists of multiple quantum well, and a barrier 
layer consists of InGaAsP of 1 0nm. and a well layer InGaAs of 7.5nm. And the number of 
well layers is made six. The oscillated wavelength at this time is l.54^m. Next, a ridge 
6^m wide is formed by the selective etching by chemical etching. Furthermore, a min-or 
face is made by dry etching. It is made a laser SOO^im in resonance length, using nitride 
silicon as an insulating film 1 0. 
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(54) [Title of the Invention] Semiconductor Element 
(57) [Summary] 

[Object] To provide a durable semiconductor laser capable of stably operating for a long 
time as part of a semiconductor element comprising an Si electronic circuit, a 
semiconductor laser, and an optional photodetector. 

[Composition] A semiconductor element, obtained by integrating the following 
components on an Si substrate: an electronic circuit composed of Si, a photodetector, and 
a semiconductor laser for generating long-wavelength light with a wavelength of 1.4 nm 
or greater, with the latter two components being provided via at least one type of 
interlying single-crystal compound semiconductor layer (for example, a single-crystal InP 
semiconductor layer may be stacked via interposed GaAs and InGaAs buffer layers). 
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[Merits] Stacking elements via interposed buffer layers makes it possible to reduce the 
dislocation density and residual stress of the InP semiconductor layer, to set the generation 
wavelength of the laser to 1.4 ^im or greater, and to obtain a durable semiconductor laser. 
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[Claims] 

[Claim 1] A semiconductor element, characterized in that an electronic circuit composed 
of Si and a semiconductor laser for generating long-wavelength light with a wavelength of 
1.4 nm or greater are integrated on a siUcon (Si) substrate, with the second of the two 
components being provided via at least one type of interlying single-crystal compound 
semiconductor layer. 

[Claim 2J A semiconductor element, characterized in that an electronic circuit composed 
of Si, a photodetector, and a semiconductor laser for generating long-wavelength light 
with a wavelength of 1.4 nm or greater are integrated on a silicon (Si) substrate, with the 
latter two of the three components being provided via at least one type of imerlying single- 
crystal compoimd semiconductor layer. 
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[Claim 3] A semiconductor element as defined in Claim 1 or 2, characterized in that a 
single-crystal compound semiconductor layer consisting of an InP layer is stacked as the 
single-crystal compound semiconductor layer overlaid on the silicon (Si) substrate via a 
first buffer layer composed of GaAs and a second buffer layer composed of InGaAs. 

Petailed Description of the InventionJ 
[0001 I 

(Technological Field of the Invention] The present invention relates to a semiconductor 
element produced by integrating an Si electronic circuit and a semiconductor laser by 
making use of a semiconductor substrate obtained by stacking a single-crystal compound 
semiconductor layer on a semiconductor substrate body composed of Si, or to a 
semiconductor element produced by integrating an Si electronic circuit, a semiconductor 
laser, and a photodetector by making use of the aforementioned substrate. 

[0002] 

[Prior Art] In conventional practice, semiconductor elements are obtained by stacking 
semiconductor layers composed of Group HI-V elements of the Periodic Table of the 
Elements on semiconductor substrate bodies composed of single-crystal Si. Techniques 
that allow optical elements to be obtained using Group III-V compound semiconductors 
and Si-LSI circuits to be fijsed with optoelectronic elements are considered to be 
important contemporary methods for fabricating semiconductor lasers used in element 
applications. GaAs materials are primarily used for manufacturing semiconductor lasers 
on Si substrates according to such known methods. These semiconductor lasers have a 
serious drawback, however. Namely, such lasers are short-lived because they deteriorate 
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after operating for only a few hours. This is apparently due to the presence of high- 
density dislocations and residual stress in the GaAs films on the Si substrates. For this 
reason, fused optoelectronic elements obtained by integrating Si electronic circuits and 
GaAs-based semiconductor lasers have yet to be implemented. By contrast, InP-based 
1.3-nm semiconductor lasers have been reported inAppI. Phys. Lett. (53 (1988), p. 2389) 
as products of a study in which materials other than GaAs were used for semiconductor 
lasers. A notable feature of these semiconductor lasers is that they are free from the 
precipitous deterioration normally observed in GaAs-based semiconductor lasers. It is 
known that the service life of a semiconductor laser depends not only on the material of 
the Si substrate but also on the material of the semiconductor laser itself Even with the 
InP-based semiconductor lasers, the drive current increases, although not as precipitously, 
and the semiconductor elements deteriorate noticeably, preventing such lasers from 
reaching a practically acceptable level. 

[0003] 

[Problems Which the Invention Is Intended to Solve] An object of the present invention is 
to overcome the above-described shortcomings of the prior art and to provide a 
semiconductor laser capable of stably operating for a long time as part of a semiconductor 
element comprising an Si electronic circuit, a semiconductor laser, and an optional 
photodetector on a semiconductor substrate obtained by stacking single-crystal compound 
semiconductor layers on a semiconductor substrate body composed of single-crystal Si. 

[0004J 
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[Means Used to Solve the Above-Mentioned Problems] In order to attain the object of 
the present invention, a semiconductor layer composed of single-crystal InP is formed on a 
semiconductor substrate body composed of Si, and an Si electronic circuit and a 
semiconductor laser (or an Si electronic circuit, a semiconductor laser, and a 
photodetector) are integrated to form a semiconductor elemem, during which time 
semiconductor layers used for buflfering purposes are interposed between the 
semiconductor substrate composed of Si and the semiconductor layer composed of single- 
crystal InP to improve the quality of the semiconductor layer composed of single-crystal 
InP and to yield a durable semiconductor laser for generating long-wavelength light with a 
wavelength of 1 .4 ^mi or greater. 

I0005J 

[Working Examples] Working examples of the present invention will now be described in 
detail with reference to drawings. 

(Working Example 1) Fig. 1 is a diagram depicting a possible structure of the 
semiconductor element fabricated according to the present working example. In the 
drawing, Si-CMOS 2 and a semiconductor laser 3 are stacked on an Si substrate 1. The 
semiconductor laser 3 is formed on an InP layer 8, which overiies a first buffer layer 4 
composed of GaAs and a second buffer layer 5 composed of InGaAs. The active layer 9 
of the semiconductor laser 3 consists of a multiple quantum well in which the barrier layers 
consist of 10-mn InGaAsP (wavelength: 1.3 nm) and the well layers consist of 7.5-mn 
InGaAs (wavelength: 1.65 iim). The guide layers consist of 100-nm InGaAsP 
(wavelength: 1.3 ^m)- The total number of well layers is 6. The corresponding oscillation 
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wavelength is 1.54 m. A ridge 6 with a width of 6 is then fomed by selective 
chemical etching. A mirror surface is then fonned by diy etching. Silicon nitride is used 
as an insulating fihn 10 to produce a laser with a resonance length of 300 nm. The 
resulting semiconductor laser is configured such that both the p- and n-electrodes 1 1 and 
12 are disposed on the top. The semiconductor laser 3 fonned on the Si substrate 1 
osciUates at room temperature with a threshold of 55 mA. When the semiconductor 
laser 3 is operated at room temperature while deUvering a constant output of 2 mW, no 
change in drive current or laser degradation is observed after 1500 hours or longer. Fast 
operation (1 GHz) can also be successfully performed with the aid of a semiconductor 
laser drive circuit composed of integrated Si-CMOS 2. It is apparent that the 
semiconductor laser of the present invention is not limited to the above-described working 
example and can have any ridge width or active layer as long as it is capable of generating 
wavelengths of 1 .4 ^m or greater. The laser may also have an embedded structure. 

[00061 (Working Example 2) Fig. 2 depicts a possible structure of the semiconductor 
element fabricated according to the presem working example. As in Working Example 1, 
a photodetertor 7 whose light-receiving layer 13 is composed of InGaAs is integrated on 
an Si substrate 1 obtained by integrating a semiconductor laser 3 and Si-CMOS 2. 
However, the semiconductor laser 3 of the present working example has a DH structure 
with an InGaAs P bulk active layer 9 and an oscUlation wavelength of 1 .4 jim. The 
semiconductor laser 3 oscillates at room temperature with a threshold of 57 mA. When 
the semiconductor laser 3 is operated at room temperature while delivering a constant 
output of 2 mW, no change in drive current or laser degradation is observed after 
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1200 hours or longer. Similar to the semiconductor laser 3, the integrated 
photodetector 7 is formed on an InP layer 8, which overlies a first GaAs buflfer layer 4 and 
a second InGaAs buffer layer 5. The semiconductor element of the present working 
example allows the semiconductor laser to generate optical signals modulated by the light 
received by the photodetector 7. 

[0007] 

[Merits of the Invention] The semiconductor element of the present invention is obtained 
by stacking single-crystal InP semiconductor layers on an Si substrate that carries 
electronic circuits composed of Si, in which case the quality of the single-crystal InP 
semiconductor layers can be improved by stacking the single-crystal InP semiconductor 
layers via interposed semiconductor layers for buffering purposes. The term "quality 
improvement" refers to reducing the residual stress and dislocation density inside the 
semiconductor element. In addition, a durable semiconductor laser can be obtained by 
setting the oscillation fi-equency of the integrated semiconductor laser to 1 .4 nm or 
greater. This approach is effective for suppressing the growth of dark-line defects during 
the operation of the semiconductor laser and for extending the service life of the 
semiconductor laser. In addition, the long waveband of the semiconductor laser matches 
the low-loss waveband of optical fibers, and thus holds promise for optical transmission 
elements. The semiconductor laser thus configured can produce not only combined 
optoelectronic circuits by being fiised with Si-LSI but also optical integrated circuits by 
being fused with quartz-based waveguides. Forming such integrated circuits will go 
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beyond miniaturizing conventional systems or providing them with better performance and 
is expected to become the key to the development of optical computers. 

(Brief Description of the Figures) 

[Figure 1] A diagram depicting a possible structure of the semiconductor element 
pertaining to Working Example 1 of the present invention. 
[Figure 2] A diagram depicting a possible structure of the semiconductor element 
pertaining to Working Example 2 of the present invention. 

[Key] 

1: Si substrate, 2: Si-CMOS, 3: semiconductor laser, 4: first GaAs buffer layer, 
5: second InGaAs buffer layer, 6: ridge, 7: photodetector, 8: InP layer, 9: active layer, 
10: insulating fflm, 11: p-electrode, 12: n-electrode, 13: light-receiving layer, 14 and 
15: electrodes 



10 



(Figure IJ 



12- 



r 
L 



^ ^ n n rr 



1 Si substrate 

2 Si-CMOS 

3 semiconductor laser 

4 first GaAs buffer layer 

5 second InGaAs buffer layer 

6 ridge 

8 InP layer 



11 




9 active layer 

10 insulating layer 

1 1 p-electrode 

12 n-electrode 
14 electrode 



12 



[Figure 2] 
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